Sedentary behavior, defined as any waking behavior characterized by an energy 66 expenditure ≤1.5 metabolic equivalents while in a sitting or reclining posture, has 67 been recognized a novel risk factor for health [1] . Literature has shown the 68 deleterious associations between sitting time and all-cause mortality, cardiovascular 69 disease, type 2 diabetes, overweight/obesity, specific types of cancer and mental 70 health, independent of physical activity [2, 3] ;. In particular, among several domains 71 of sedentary behavior, screen-based sedentary behavior is highly prevalent and 72 increasing rapidly among adults partly because of easily available media-related 73 technologies [4] . Research has reported screen time (TV viewing and leisure-time 74
Internet use) is associated with negative health outcomes [5] [6] [7] and has been found to 75 be a predominant component of leisure-time sedentary behavior in adults [8, 9] . 76 Therefore, with the increasing engagement of screen time [4, 10] , there is an urgent 77 need to develop effective strategies to reduce screen time for disease and obesity 78 prevention. 79
80
From the ecological perspective, it is crucial to better understand environmental 81 determinants of screen time to develop population-based interventions for a long-term 82 impact [10, 11] . However, previous studies examining associations between built 83 environment attributes and screen-based sedentary behavior are limited in several 84 significant ways. Most of these previous studies were cross-sectional design [12] [13] [14] , 85
reporting from Australia [12, 15] and the United States [13, 14] , as well as more 86 focusing on only TV viewing and objectively-measured walkability [12, 13, 15] . These 87 previous studies have reported that lowly walkable neighbourhood environment is 88 associated with higher TV viewing time [12, 14, 15] , whereas one study has found no 89 countries, it is crucial to further examine how both perceived and objectively-97 measured environmental attributes are related to changes in screen time in different 98 density, cultural and environmental contexts. These findings would be important to 99 inform policy makers and intervention designers for developing strategies to reduce 100 the increase in screen time through environmental approaches. Therefore, the present 101 study examined cross-sectional and 2-years prospective associations of objective and 102 perceived environmental attributes with screen time in middle-aged Japanese adults. 103
104

Materials and methods
105
Participants
106
The present study is a prospective cohort study with two waves of data collection: 107 baseline in 2011 and follow-up in 2013. This study used data from a part of the 108 Healthy Built Environment in Japan (HEBEJ) project. At baseline, a total of 3,000 109 residents aged 40 to 69 years and living in 2 cities in Japan (Nerima City, part of the 110
Tokyo metropolitan area with 716,124 residents and an area of 48 km 2 ; Kanuma City, 111 a regional city with 102,348 residents and an area of 491 km 2 ) were randomly 112 selected from the registry of residential addresses based on gender, age group, and 113 residential city. The baseline survey was completed by 1,076 residents (response rate: 114 internet use over a usual week, respectively, which was measured at both baseline and 121 follow-up survey using items with reasonable validity and reliability [16] . The 122 validity and test-retest reliability of the items was both moderate [17] . The outcome 123 variable was calculated by multiplying the number of days participants screen time 124
(the sum of television viewing and leisure-time internet use time) by the average 125 amount of time spent doing so per day. For cross-sectional associations, the outcome 126 variable was baseline screen time per day. For prospective associations, the outcome 127 variable was change of screen time per week from baseline to follow-up survey. 128
129
Exposure variables
130
The exposure variables of this study were five perceived and five objectively-131 measured environmental attributes at baseline, selected on the basis of walkability 132 components and other environmental attributes from previous reviews [18, 19] . The 133 perceived measures included population density, sidewalk availability, access to 134 public transportation, access to destinations and street connectivity. They were 135 identified using the Japanese version of the IPAQ-E with a 4-point Likert scale 136 (strongly agree, somewhat agree, somewhat disagree, and strongly disagree), which 137 has been shown to have good reliability [20] . These five perceived environmental 138 attributes were categorized into "agree" (strongly agree and somewhat agree) and 139 F o r p e e r r e v i e w o n l y -7 -"disagree" (somewhat disagree and strongly disagree). Objective environmental 140 attributes was measured using Geographic Information Systems (GIS). The following 141 five measures were calculated for each participant within a 800-m radius buffer of 142 their residential address (this buffer area corresponded to a neighborhood setting, 143 which was also used to obtain participant's perceptions): (1) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 For prospective associations, GLM was also used to identify the relationships of 173 perceived and objectively-measured environmental attributes at baseline with follow-174 up screen time over 2 years, adjusted for socio-demographic variables at baseline, 175 screen time at baseline and employment status change. This approach is equivalent to 176 modelling change in screen time and controls for regression to the mean, which has 177 been used in previous study [15] . 
Results
186
Basic characteristics of the baseline sample (n=1011) and follow-up sample 187 (n=553) are presented in Table 1 . On average, baseline screen time was 2.3 hour/day. 188 At baseline, cross-sectional associations of objectively-measured (exp(β):1.11; 95%CI: 189 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This study has several limitations. First, the outcome variable -self-reported screen 274 time may be subject to recall bias. Thus, future studies should consider measuring 275 screen time using objectively measurement to provide more confirmative evidence. 276
Second, a potential confounder -self-selection of neighborhoods was not examined in 277 this study. Despite such limitations, the strengths of this study were the both cross-278 sectional and prospective design and the utilization of five both subjectively and 279 objectively-measured environmental components, which could provide more 280 confirmative evidence on this issue. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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136
The exposure variables of this study were five environmental attributes -population 137 density, sidewalk availability, access to public transportation, access to destinations, 138 and street connectivity -measured both subjectively and objectively at baseline. 139
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